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BATIOBAZ ADVI SOBY CO%hITTEE FOB AERONAUTICS 

WIND-TUNNZL INVESTIGATION OF WIXqG DUCTS OB A 

SIBGLE-J31$ , I N 3  P U R S U I T  AIBI-LA%% 

3 . ~  IT. J. Helson and K. R. Gzarnecki  

A s t u d y  of s e v e r 3 1  d u c t s  i n s t a l l e d  i n  t h e  wings o f  a 
xnodel of  a convexit  i o n s $  s i n g l e- e n g i n e  purrsu! t a i r p l a n s  has 
been made i n  t h e  XACA € ~ . 1 1 - ~ ~ a l @  tunae;  t o  d e t e r m i n e  t h e  
i n f l u e n c e  of i n l e t  des$gn  and c o o l i n g a i r  f l o w  on  t h e  p r e s -  
s u r e  l o s s e s  w i t h i n  t’ie duc t  and on t h e  aerodynamic cba rac -  
t e r i s t i c s  o f  t h e  a i r p l a n e .  The e f f e c t  o f  p r o p e l l e r  opera-  
t i o n  o n  t h e  t o t a l - y r e s s v , r e  l o s u e s  i n  t h e  dizcts  symmetri- 
c a l l y  l o c a t o d  b e h i s d  t h e  u2go ing  and downgoing b l a d e s  i s  
shown by t e s t s  o f  t a o  of  t h e  i n l e t s .  

L a r g e  d i f f e r e n c e s  i n  t o t a l  press’xre a t  t h e  r a d i a t o r  
occurred 3,s a res r , l t  o f  v a r i a t i o k s  i n  (1) t h e  i n l e t - v e l o c i t y  
r ~ t i u ,  (2) ‘the 1 Z k ’ t  c o e f f i c l e n t ,  ( 3 )  t h e  shape and p o s i t i o n  
o f  t h e  i n l e t ,  ( 4 )  t h e  slope of  t h o  d i f f u s e r  a x i s ,  and ( 5 )  
p r o p e l l e r  o p e r a t i o n .  A conpromise f i x e d  i n l e t ,  which had 
high 3 r e s s u r e  r e c o v e r y  over  a s a f i s f a c t o r y  r a n g e  of f l i g h t  
a t t i t ; % d e s ,  low d r a g ,  and a h igh  roaximun l i f t  c o e f f i c i e a t ,  
was d e s i g n e d .  B o t a t i o a  i n s i d e  t h e  s l i p s t r e a m  o f  t h e  pro-  
p e l l e r  e f f e c t e d  a p p r e c i a b l e  d i f f e r e n c e s  i n  t h e  pressure 
losses i n  s imilar  d u c t s  s y m m e t r i c a l l y  Located  beh ind  t h e  
upgoing and &own,.*,oin: p r o ~ e l l e r  b l a d e s .  

I BTBODUCT I O U  

An i n v e s t i g a t i o n  of  d u c t s  i n s t a l l e d  i n  t h e  wings and 
f u s e l a g e  o f  a m o d a l  o f  a c o n v e n t i o n a l  s i n g l e- e n g i n e  p u r s u i t -  
type  a i r p l a n e  has been made i n  t h e  iTACA f u l l - s c a l e  t u n n e l .  
The r e s u l t 6  o f  t h e  t e s t s  o f  d ,uc t s  w i t h  i n l e t s  l o c a t e d  on  
t o p  o f  t h e  f u s e l a g e  c l o s e  t o  t h e  p r o p e l l e r  and on  t h e  b o t t o m  
o f  t h e  f u s e l a g e  beh ind  t h e  l e a d i n g  edge o f  t h e  wing a r e  
p r e s e n t e d  5n r e f e r e n c e s  1 and 2 .  The p r e s e n t  r e p o r t  con-  
t a i n s  t h e  r e s u l t s  o f  t e s t s  of d u c t s  l o c a t e d  w i t h i n  t h e  
wiiigs o f  t h e  model. 
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P r e v i o u s  i n v e s t  i g a  ng d u c t s  a t  Langley 
fJiemorial A e r o n a u t i c a l  L a v e ,  i n  g e n e r a l ,  been 
c o n f i n e d  t o  t e s t s  of  i s o l a t e &  wings ,  and t h e  e f f e c t s  o f  
f u s e l a g e  i n t e r f e r e n c e  arid p r o p e l l e r  s l i p s t r e a m  have  n o t  
been e x t e n s i v e l y  s t u d i e d  ( r e f e r e n c e s  3 t o  5) .  These e f-  
f e c t s  have  been incl.t;ldcd i n  t h e  p r e s e n t  i n v e s t i g a t i o n  by 
t e s t i n g  a conrplete a i r p l a n e  m o d e l  w i t h  p r o p e l l e r  removed 
axed w i t h  p r o p e l l e r  o p e r a t i n g .  The e f f e c t s  on t h e  d u c t  
c h a , r a c t e r i s t i c s  and a i r p l a n e  pe r fo rmance  o f  v a r i a t i o n s  in 
t h e  g e o n e t r y  o f  “ihe ducts and  i n  t h e  a i r  f l o w  t h r o u g h  t h e  
d u c t s  have  a l s o  been i n v e s t i g a t e d .  T o t a l -  and s t a t i c -  
p r e s s u r e  measure-:erst= and f o r c e  t e s t s  mere made over  a 
r a n g e  o f  a n g l e  o f  a t z n c k  and i n l e t - v e Z o c i t g  r a t i o  w i t h  
v a r i o u s  d u c t s  i n s t a l l e d  i n  one  o r  b o t n  wings  o f  tilo model, 
The d u c t s  t e s t e d  d i f f e r cc?  w i d e l y  in s i z e  and p o s i t i o n  o f  
tlLe i x l e t  o p e n i c g ,  i n  1,nLei;-i5.-p c > n t  L i n  i n c l i n a t i o n  
of t h e  i n l e t  p i 2 n s  zx;d u i f f n s e r  a x i s  i o  t h e  wing chord ,  
and i n  o a t l e t  p o s i t i c e .  

Gs i i f t  c o e f f i c i e n t  

~ C D  i n c r e a e n t  o f  d r a g  c o e f f % c i e n t  due t o  d u c t  

c a l c u l a t e d  inc rement  of d r a g  due t o  l o s s e s  i n  inlet 
acd C i f f u s e r  c%L 

~ C D ~  c a l c u l a t e d  increment  of  drag c o e f f i c i e n t  due  t o  
l o s s e s  i n  d u c t  and radiator 

bCge i n c r e a e n t  of d r a g  c o e f f i c i e n t  due t o  e x t e r n a i  d r a g  
of d u c t  ( A C u  - ACo, )  

l C  

9 

E 

P 

AP 

p r o p e l l e r  t h r u s t  c o e f f i c i e n t  (L.:G$ 
PV, D 

t ~ t a l  p r e s s u r e  ( r e f e r e n c e d  t o  f r e e - s t r e a m  s t a t i c  
p r e s s u r  e 1 

s t a t f c  p r e s s u r e  ( r e f e r e n c e d  t o  f r e e- s t r e a m  s t ; a t i c  
p r  esslir e )  

p r e s m r e  drop  a c r o s s  o r i f i c e  p l a t e  



3 

, 

Q q u a n t i t y  r a t e  o f  l o w  

Q / V ~  a i r - f l o w  p a r a m e t e r  

v,/v, i n l e t - v e l o c i t y  r a t i o  

d u c t  e f f i c i e n c y  -2.-hx- 
(n. b) 

a i r  d e n s i t y  

p r o p e l l e r  d i a m e t e r  

wing a r e a  c 

i n l e t  a r e a  

f l a p  chord  

a n g l e  o f  attack of t h r u s t  a x i s  r e l a t i v e  t o  f r e e -  
s t r e a m  d i r e c t i o r :  

p r o p e l l e r  Cla4e  s e t t i n g  a t  0.75 r a d i u s  

Sub s c r i p  .f; s : 

0 i n  f r e e  stream 

1 i n  d u c t  i n l e t  

2 a t  f r o n t  f a c t ?  o f  o r i f i c e  p l a t e  

3 i n  o u t l e t  o f  d u c t  

max maxi1au.m 

BPPARBTU S AMI) TEST S 

A photograph of t h e  model xuo?lnted i n  t h e  ESACA f u l l -  
s c a l e  t u n n e l  i s  shonn a.8 f i g u r e  1. The g e n e r a l  artrangement 
and b a s i c  d imens ions  of  t h e  mode l  a r e  g i v e n  i n  f i gu re  2. 
The wing a r e a  5 s  170 square f e e t .  The model m s  e q u i p p e d  
wi th  a c u f f e d  p r o p e l l e r  10 f e e t  i n  d f a m a t e r  t h a t  mas d r i v e n  
by a 25-horsepower e l e c t r i c  m o t o r  l o c a t e d  i n  t h e  f u s e l a g s .  

The wing s e c t i o n  a t  t h e  c e n t e r  1i.ne o f  t h e  d u c t ,  the  
o r d i n a t e s  of  which a r e  g i v e n  $31. t a b l e  I ,  i s  a m o d i f i c a t i o n  
o f  a n  NACA 2 3 0- s e r i e s  a i r f o i l .  C e n t e r - l i n e  s e c t i o n s  
throlzgh t h e  v a r i o u s  d u c t s  and the  p r i n c i p a l  d imens ions  of  

J 
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the  d u c t s  a r e  give11 i n  f i g u r e  3 a n d  i n  t a b l e s  11 and  111, 
These s e c t i o n s  were a p p r o x i m a t e l g  c o n s t a n t  b e t  
v e r t i c a l  wa l l s  of t h e  d u c t s  a t  wing s t a t i o n s  2 
i n c h e s  f r o m  t h e  f u s e l 8  e c e n t e r  l i n e .  The t r a n s i t i o n  f r o m  
t h e  v e r t i c a l  s i d e  xal,s i n  t h e  d u c t  t o  t h e  rounded ends  a t  
t h e  i n l e t  was accompl i shed  i n  t h e  f o r w a r d  p a r t  o f  t h e  d i f -  
f a s e s .  The i n b o a r d  s i d e  o f  each  i n l e t ,  excep t  i n l e t  7 ,  
was 2% i n c h e s  f r o m  t iLe  f u s e l a g e ;  t h e  span o f  i n l e t  7 was 
r educed  t o  22 i n c h e s  and t h e  d i s t a n c e  be tween the  end o f  
t h e  i n l e t  a n d  t h e  f u s e l a g e  was i n c r e a s e d  t o  4 i n c h e s .  All 
of  t h e  i z l e t s  were f i x e d  excep t  i n l e t  ii* which was f i t t e d  
w i t h  a f l a p 2 e d  lower  l i p  that  c o u l d  be ad jus t . ed  t o  p r o v i d e  
sn iooth  e n t r y  o f  t h d  a i r  flow i n t o  t h e  a u c t  o v e r  a wide  
range  o f  a n g l e  of a t t a c k .  P h o t o g r a p h s  o f  t y p i c a l  i n l e t  
i n s t a l l a t i o n s  ( i n l e t s  2 and  4 )  a r e  p r e s e n t e d  a s  f i g u r e  4 
and t h e  o u t l e t s  @ r e  shovn a s  f i g u r e  5. Each o u t l e t  was 
f i t t e d  w i t h  a n  a d j a s t a b l e  f l a p  by which t h e  a i r  f l o w  
th rough  t h e  sys tem Bas c o n t r o l l e d .  

Alnminum o r i f i c e  p l a t e s  K i t h  h o l e s  3/4 i n c h  i n  dlam- 
e t e r  were used  t o  s i m u l a t e  r ah i a to r s .  The c o n d u c t i v i t y  o f  
t h e  p l a t e s  was v a r i e d  b ; ~  p l u g g i n g  some o f  t h e  h o l d s  i n  
a c c o r d a n c e  wi th  t h e  t e c h n i q u e  o f  r e f e r e n c e  6 .  

The q u a n t i t t j  o f  a i r  f l o a i n g  throsgh t h e  v a r i o u s  d u c t  
s y s t e n s  was d e t e r m i n e d  f r o m  measnrements  o f  t o t a l  and  
s t a t i c  p r e s s ? n r e s  a t  t h e  duc t  o u t l e t .  T o t a l- p r e s s u r e  
measurements i n  f r o n t  o f  t h e  r a d i a t o r  and i n  t h e  o u t l e t  
were u s e d  i n  c a l c u l a t i n g  t 3 e  d u c t  l o s s e s .  

P r e s s u r e  measurements were nade T i t h  t h e  p r o p e l l e r  
reEoved f o r  a l l  t h e  i n l e t s ;  i n l e t s  4 and 5 mere also 
t e s t e d  w i th  t h e  proypeJ e r  o p e r a t i n g  a t  t h r u s t  c o e f f i c i e n t s  
s i m u l a t i n g  h igh- speed  and  c l i m b i n g  f l i g h t .  The i n l e t s  
t e s t e d  w i t h  power on n e r e  i n s t a 2 l e d  s y m m e t r i c a l l y  a b o n t  
t h e  t h r u s t  f i n e  t o  d e t e r m i n e  t h e  e f f e c t s  o f  s l i g s t r e a r n  
r o t a t i o n  on t h e  i n l e t  a n d  d i f f u s e r  l o s s e s .  

$he e f f e c t  of  t h e  vzr i l sus  d u c t  i n s t a l l e t i o n s  o n  t h e  
drag and on  t h e  maximum l i f t  of  t h e  model was de te rmined  
by f o r c e  t e s t s .  The drag c o e f f i c i e n t  o f  t h e  model w i t h  
and w i t h o u t  d u c t s  i n s t a l l e d  was de te rmined  f r o m  p r o p e i l e r -  
removed t e s t s  a t  a i r s p e e d s  of 63  and  102 B i l e s  p e r  'hour. 
These t e s t s  were aade over  a r a n g e  of' l i f t  c o e f f i c i e e t  
f r o r n  -0.25 t o  0.55. The aanj rnum-l i f t  t e s t s  were made a t  
a n  a i r s p e e d  o f  a p p r o x i m a t e l y  5 d  p i l e s  p e r  hour  w i t h  t h e  
l a n d i n g  f l a p s  d e f l e c t e d  45' and r e t r a c t e d .  
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RESULTS AND DISCUSSION 

. 

The r e s u l t s  o f  t h e  t e s t s  have  Seen a n a l y z e d  w i t h  con- 
s i d e r a t i o n  f o r  t h e  f o l l o w i n g  r e q u i r e m e n t s  f o r  s a t i s f a c t o r y  
d u c t  o p e r a t i o n :  (1) high p r e s s u r e  r e c o v e r i e s  a t  t h e  f 
of t @ e  he8.t exchanger  f o r  a r a n g e  o f  f l i g h t  a t t i t u d e s  from 
h i g h  speed t o  c l i m b ,  (2) l o w  drag 09 t h e  d u c t  i n s t a l l a t i o n ,  
and (3) s a t i s f a c t o r y  maximum-lift c h a r a c t e r i s t i c s  o f  t h e  
ducted. wing s e c t i o n s .  The r e s u l t s  are p r e s e n t e d  i n  see-  
t i o n s  i n  which t h e  f o l l o w i n g  a r e  d i s c u s s e d :  p r e s s u r e  
l o s s e s  i n  t h e  i n l e t  and  d i f f u s e r p  p r e s s u r e  drop t h r o u g h  
the  r a d i a t o r ,  s t a t i c  p r e s s u r e  a t  t h e - d u c t  o u k l e t ,  and  ef-  
f e c t s  o f  v a r i a t i o n s  i.n t h e  geometry o f  t h e  i n l e t s  and  a i r  
flow i n t o  t h e  d u c t s  on t h e  d r a g  and on t h e  maximum L i f t  of 
t h e  comple te  mod.el, 

T r e s s u r e  Losses ahead o f  R a d i a t o r  

The p r e s s u r e  Losses  i n  d i f f u s e r s  o f  t h e  ty-oes i n v e s t i -  
g a t e d  i n  t h e  p r e s e n t  t e s t s  have  beer: shown t o  b e  small when 
the  boundzry- laye r  t h i c k n e s s  a t  t h e  d u c t  i n l e t  i s  small and 
when t h e  d i f f L s e r  i s  a l i n e d  with t h e  a p 2 r o a c h i n g  flow. If 
t h e  i n l e t  l i p s  a r e  n o t  p r o p e r l y  a l i n e d  v i t h  t h e  a p p r o a c h i n g  
flow, d i s t u r b a n c e s  o f  t h e  a i r  f l o w  w i l l  occur  a t  t h e  i n l e t  
and t h e  l o s s e s  i n  t h e  d i f f u s e r  w i l l  i n c r e a s e .  Large 
c h a c g e s  i n  t h e  p r e s s n r e r j  ahead o f  t h e  r a d i a . t o r  a r e  shown 
i n  f i g a r e s  6 t o  13 t o  have  r e s u l t e d  f r o m  v a r y i n g  (1) t h e  
i u l e t - v e l o c i t y  r a t i o ,  (2) t h e  l i f t  c o e f f i c i e n t  o f  t he  wing 
s e c t i o n  a t  $:he d u c t  i n l e t ,  and ( 3 )  the  shape  and p o s i t i o n  
o f  t h e  i n l e t  l i p s .  

3fr 'ec. t  o f  %nlet-vg&gA4;T ra t  i o . -  P r e v i o u s  i n v e s t i g a -  
t i o n s  o f  d u c t  open ings  a t  the l e a d i n g  edge  o f  8 wing o r  
f u s e l a g e  have  shomn t h a t  t h e  f l o n  a t  t he  i n l e t  becomes 
u n s t a b l e  a t  f n l e t - v o l o c i t y  r a t i o s  be low a p p r o x i m a t e l y  0.35. 
I n  t h i s  r a n g e  o f  l o w  i n l e t - v e l o c i t y  r a t i o s ,  t h e  p r e s s n r e  
l o s s e s  w i t h i n  tb.e deet may be e x c e s s i v a  e.nd t h e  l o c a l  ve- 
l o c i t y  over  t h e  l i p s  of  t h e  i n l e t  will be high. As t h e  
v a l u e  o f  i n l e t - v e l o c i t y  r a t i o  i s  i n c r e a s e d  above t h i s  
r a n g e ,  t k e  s t a b i l f t j r  o f  t h e  a f r  e n t e r i n g  t h e  d u c t  will in-  
c r e a s e  and. the  l o c a l  v e l o c i % y  o v a r  t h e  l i p s  o f  t h e  i n l e t  
w i l l  dec rease .  Most  o f  t h e  p r e s e n t  t e s t s  have  t h e r e f o r e  
been r e s t r i c t e a  t o  a r nge o f  i n l e t - v e l o c i t y  r a t i o s  above  
0.4. 
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The a v e r a g e  t o t a l  p r e s s u r e  a t  t h e  f a c e  o f  a r ad i a to r  
behlod  i n l e t  4 i s  s h o r n  i n  f i g u r e  6 as a f u n c t i o n  of t h e  
i n 2 e t - v e l o c i t y  ratio a t  l i f t  c o e f f i c i e n t s  o f  0.12,  0 .47,  
an& G.89. A t  CL = 0.12, t h e  i n l e t  and t h e  d i f f u s e r  
l o s s e s  were e s s e n t i a l l y  c o n s t a n 3  over  t h e  r a n g e  of 
f r o m  0.6 t o  1.4, A t  CL = 0.47 and 0.89,  t h e  lossss 
i n c r e a s e d  r a p i d l y  mitb  V , / V o .  Tne i n d i v i d u a l  p r e s s u r e s  
r e c o r d e d  f o r  t h e  d i f f e r e n t  l i f t  c o e f f i c i e n t s  a t  18  p a i n t s  
on t h e  f r o n t  of  t h e  r a d i a t o r  a r e  p r e s e n t e d  i n  f i g u r e  7 t o  
f a c i l i t a t e  a n a l y s i s  of t h e  l o s s e s .  These  d a t a  show h i g h  
r e c o v e r y  and uniform d i s t r i b u t i o n  o f  t o t a l  p r e s s u . r e  over  
a wide r a n g e  o f  ? i l / V o  a t  CL = 0.12 and over  a v e r y  
sriall r a n g e  o f  V , / V o  a t  CL = 0.47 and 0.89.  

v , / ' v ~  

T h e  chaaqe  in a l i n e e e n t  a f f e c t e d  .by varying t h e  i n l e t -  
v e l o c i t y  r a t i o  a t  a l i f t  c o e f T i c i e n t  of a,bout 0 . 5  i s  shown 
d i a g r a m m a t i c a l l y  i n  t h e  a c c o ~ ~ p a n y i n g  s k e t c h e s .  I n  t h e  



u n s t a b l e  r a n g e  o f  i n l e t - v e l o c i t J ?  ratios, tha t  is, a t  
V1/Vo c 0.35, 
the  a i r  t e n d s  t o  f l o w  i n t e r L i t t e n t l y  t h r o u g h  t h e  d u c t  and 
over  t h e  upper  l i p  o f  t h e  i n l e t  ( s k e t c h  (a)). A t  
V,/V, 0 . 5 ,  t h e  expans ion  ahead of t h e  i n l e t  i s  u n i f o r m  
arid t h e  a i r  e n t e r s  t h e  d u c t  smoothly ,  a s  g h o w 3  i n  s k e t c h  (b). 
A t  h igher  i n l e t - v e l o c i t y  r a t i o s  t h e r e  i s  a s u b s t a n t i a l  in- 
c r e a s e  in t h e  l o c a l  v e l o c i t i e s  over  the  l i p s  o f  t h e  i n l e t  
a t  a p o i n t  j u s t  i n s i d e  tae d u c t .  Th i s  i n c r e a s e  i n  l o c a l  
v e l o c i t y  a t  T ~ / T ~  > ..o c a u s e s  s e p a r a t i o n  f r o m  the  l i p s  
o f  t h e  i n l e t  a s  shown i n  s k c t c 3  ( c ) .  

t h e  air flow b r s a k s  down a t  t h e  i n l e t  and  

T h e  da.ta p r e s e n t e d  i n  f i g u r e  ‘7 e.rid i n  s e v e r a l  of‘ t b e  
f o l l o w j - n g  f i g u r e s  s:!iom a c o o s i d e r a b l o  dec rezse  i n  t o t a l  
p r e s s u r e  0 ~ 7 t ; r  ~ h 3  inboard end o f  t h e  r a d i a t o r .  T h i s  e f f e c t  
is a. r e sa l t  o f  t h e  o r o x i m i t y  o f  the  I n l e t s  t o  t h e  f u s e l a g o .  
P a r t  o f  t h e  fusc ; l age  Loundary l a y e r ,  upon r o a c h i n g  t’re 
s t a g n a t i o n  p o i s t  a t  t h s  l e a d i n g  edge o f  t h e  wing, moves 
ou tward  t o  t b e  Lower  p r e s s u r e  r e g i o n  a t  t h e  i213.et and i r r  
c a r r i e d  i n t c  t h e  &US$. 

Ef~~.c~.,~f-l-,&ft - . ~ g e ~ ~ & c ~ g n t . -  The a v e r a g e  t o t a l  p r e s s u r e  
at t he  f a c e  o f  t h e  r a d i a t o r  i s  shown as a f u n c t i o n  o f  l i ? L  
c o e f f i c i e n t  in f i g u r e  8, i n  which da ta  from f i g u r e  6 h a v e  
beeii c r o s s - p l o t t e d  a t  s e v e r a l  v a l u e s  o f  i n l e t - v e l o c i t y  
r a t i o .  h igh  r a c o v e r i e s  w i t h  i n l e t  4 were o b t a i n e d  over  tho 
w i d e s t  r a n g e  o f  l i f t  c o e f f i c i e n t  a t  i n l e t - v e l o c i t y  r a t i o s  
between 0.4 an& 0.6. A t  ralqies o f  t h e  l i f t  c o e f f i c i e n t  
t i g h e r  t h a n  t h a t  of b e s t  r e c o v e r y  t h e  l o s s o s  i n c r e a s e d  
r a p i d l y .  The p r e s s u r e  d i s t r i b u t i o n s  of f i g u r e  7 i n d i c a t e  
tha t  d o c r e a s a s  ii? r e c o v e r y  which r e s u l t  f r o %  i n c r e a s e s  in 
l i f t  c o e f f i c i e n t  were  caused  by s e p a r a t i o n  f ron  t h e  l o w e r  
wall. o f  the dzict. 

The f l o w  a t  t h e  i n l e t  End t h r o u g h  t h e  diffLse:: i s  
shown s c h e m a t i c u l l y  a t  t w o  l i f t  c o e f f i c i e n t . 5  in t h e  ~ c c o m -  
p a n y i n g  skcltcbt:e ( d )  end ( e ) .  A t  torn v a l x e s  o f  t h e  l i f t  
c o e f f i c i e n t  (@?re tch  { Both L ips  of t h e  i n l e t  tvere 
e l i a e d  v i t h  t h e  f l a n  a t  the l e a d i n g  edge o f  t h e  wing;  



a 

hence  t h e r e  was no d i s t u r b a n c e  o f  t h e  flow i n t o  t h e  Oi f -  
f u s e r  a n d  t h e  p r e s s u r e s  a t  t h e  r a d i a t o r  svere u n i f o r m  and 
h i g h .  I n c r e a s e s  i n  l i f t  c o e f f i c i e n t  _are accompanied by 
a domnvrard movement of t h e  s t a g n a t i o n  p o i n t s  ox: b o t h  l i p s  
of t h e  i n l e t ,  by a n  i r - c r e a s e  i n  s t a t i c  p r e s s u r e  on t h e  
l o a e r  s u r f a c e  o f  each l i p ,  and by a d e c r e a s e  i n  s t a t i c  
p r e s s v r e  o v e r  t l - e  ~ ' p p e r  surface of t h e  l i p s .  A t  h i g h  l i f t  
c o e f f i c i e n t s ,  t h e r e f o r e ,  a i r  e n t e r s  t h e  upper  p a r t  of t h e  
d u c t  smoothly but. s e p n r a t e s  f r o m  t h e  l o w e r  w a l l  o f  t h e  
d u c t ,  a s  shown i a  s k e t c h  ( e > .  

~ffeci~~ao-~in~gt de s ign-agja d i f f  -aaey___&~c 1 ina. t ion .  - A 
sumolary o f  t h e  data fuaken i n  t e s t s  of i n l e t s  1, 2, 4, and 
5 ( f i g .  9 )  shows t h a t  t h e  p o s i t i o n  of t h e  i n l e t  l i p s  and 
t h e  i n c l i n a t i o n  of the d i f f u s e r  have  a marked e f f e c t  upon 
t h e  a v e r a g e  t o t a l  p r e s s u r e  a t  t h e  r a d i a t o r .  U n f o r t u n a t e l y ,  
i t  was n o t  f e a s i b l e  t o  m a i n t a i n  c o n s t a n t  i n l e t - v e l o c i t y  
ra.tl .0 t h r o u g b o u t  t h e s e  t e s t s ;  t h e  e f f e c t  o f  changes  i n  
I n l e t - v e l o c i t y  r a t i o  are t h e r e f o r e  i n c l u d e d  i n  t h e  r e s u l t s .  

The i n c i i v i d u a l  measarements  f r o %  which t h e  a v e r a g e s  
i n  f i g u r e  9 were o b t a i n e d  a r e  p r e s e n t e d  i n  f i g u r e  10. Be- 
h i n d  i n l e t  l ,  mhich h a s  t h e  e n t r a n c e  p l a n e  n e a r l y  perpenw 
d i c u l a r  t o  t h e  King ckiord a n d  t o  t h e  d i f f u s e r  a x i s ?  the  
t o t a l  p r e s s u r e  a t  t h e  r a d i a t o r  mas O.95q0 a t  Cy, = 0.12;  
t h e  l o s s e s  i n c r e a s e d  r a p i d l y  w i t h  l i f t  c o e f f i c i e n t ,  however,  
u n t i l  a t  CL = 0 .89  o n l y  0.22qo vas r e c o v e r e d  a t  the  
f r o n t  of  t h e  r a d i a t o r .  A s l i g h t  e x t e n s i o n  o f  t h e o u p p e r  
l i p  t h a t  tzlrned t h e  p l a n e  of t h e  i n l e t  domnvard 6 ( i n l e t  2) 
i n c r e a s e d  t h e  a v e r a g e  p r e s s u r e  r e c o v e r y  0,03q, a t  CJ, = I T  
0.12 and 0.29qo a t  CL = 0.89. The i n f l u e n c e  o f  s l i g h t  
d i f f e r e n c e s  i n  t h e  d i f f u s e r s  beh ind  t n l e t s  I and 2 i s  con- 
s i d e r e d  n e g l i g i b l e ,  F u r t h e r  e x t e n s i o n  o f  t h e  u p p e r  l i p  
( i n l e t  4)  vas 'Der ief ic ia l  a t  h i g h e r  v a l u e s  o f  CL but  
d e t r i m e n t a l  a t  Cs 3 0.12. 
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J 
!4 

The s l o p e  of tlze f n l e t  p l a n e  of i n l e t  5 w a s  similar  
t o  tha t  of i n l e t  4 ;  however t he  d i f f u s e s  was i n c l i n e d  

t h e  d i f f u s e r  a x i s  d e c r e a s e d  t h e  p r e s s u r e  r e c o v e r s  a t  
CL = C.12 from 9.950 t o  O.86q0; b u t ,  a t  CL 0.33, 
h i g h e r  p r e s s u r e s  ;?ere .:reasused tehixld i n l e t  5. Thg d i f -  
f erexlces i n  r e c o v e r y  i n c r e a s e d  r a p i d l y  w l t h  l i f t  c o e f f  i- 

domntirard 11' i l l s t e a d  of 4.5 8 . T h i s  i n c r e a s e  i n  s l o p e  of 

c i e n t  and reached  0.20q, a t  CJ; = 0 . 3 s .  

The e f f e c t  of i n c l i n a t i o n s  of i r ? l e t  p l a n e  and C i f f ? i s e r  
a x i s  i s  sLomn ciiagramrr,atically i n  s k e t c h e s  (f) t o  (k). A t  
lov l i f t  c o e f f i c i e n t s ,  t h o  f l o n  i n t o  t h e  d u c t  i s  sxoo th  
v3en t h e  i n l e t  p l a n e  i s  approxfaa te l$ i  p e r p e n d f e u l a r  t o  t h e  
chorh  l i n e  and t h e  diffuser a x i s  i s  a l i n e d  w i t h  t h e  f l o w  
a t  t h e  lending, e d g e  oi' t h e  v i n g  ( s k e t c h  ( f ) ) .  I n c l i n i n g  
t h e  p l a n e  of t 3 e  i n l e t  o r  t h e  diffuser a x i s  downward r e -  
sults i r *  a t e n a e n c j  of t h e  flow t o  s e p s s a t e  j n s t  i n s i d e  
t h e  u p p e r  l i p  ( s k e t c h e s  ( g )  and ( 1 ~ 1 ) .  A t  h i g h  l i f t  c o e f -  
f i c i . e n t  s ,  8 e  r i l t i . o i i  o f  t h e  a i r  f l o w  fro&: t h e  l o w e r  1i-g 
m i l l  occiir  if t ? ? e  ]:lane of  t h e  i n l e t  o r  t b e  d i f f u s e r  a x i s  
i s  r io t  s t l ined  mi th  t h e  z p p r o a c h i n g  a i r  s t r e a s  ( s k e t c h e s  
( i )  a n d  ( 3 ) ) .  The f l o v  i n t o  a n  i n l e t  h a v i n g  b o t h  t h e  d i f -  
f u s e r  a x j s  and t h e  p l a n e  of t h e  iniet a l i r i ed  TTlith the flow 
a t  a h i g h  lift c o e f f i c i e n t  i s  sho:.vvn in s k e t c h  (k). 

D s c r e a s i b g  t h e  c o n d u c t i v i t y  of t h e  r a d i a t o r  had l i t t l e  
er"fec t  - q o n  t L e  p r e s s u r e  l o s s s s  t.tanroi:gh th.e i n l e t  and  d i f -  
f u s e r s ,  a s  may be n c t e d  by cor:parixg t h e  r e s u l t s  i n  f i g u r e s  
10 and 11. 

I n l e t  5 u a s  f j t t e d  w i t &  a fla-;, by which t h e  e f f e c t i v e  
s lope  of  t h e  i n l e t  f a c e  and the area of  the Qpening  coi i ld  
ba i n c r e a s e d .  The e f f n c t  o f  i n l e t - f l a p  p o s i t i o n  on the 
a v e r a g e  t o t a l  p ra . ; svy  a t  t h e  f a z e  of t h e  r a d i a t o r  i s  
siiovn as  a f n a c t i o z l  o f  l i f t  c o e f f i c i e n t  i n  f i g u r e  12, These 
r e s u l t s  shorn t h a t  open ing  ths f l a p  at GI; = 0.12 d.ecreased 
t b e  a v e r a g e  t o t a l  p r e s s a r e  15 p e r s e n t ;  a t  SL > 0.12, 
h ~ ~ ~ v e r ,  s u b s t a n t i a l  g a i n s  were e f f e c t e d  by opening t h e  
f l a p .  A t  t n s s e  n t g k e r  v e l u e s  of CI;, t h e r e  was some sep- 
a r a t i o 2  over  t h e  ;lose o f  t h e  v a n e l  a s  d r o w n  bS t h e  r educed  
p r e s s u r e s  n e a r  t h e  t o p  o f  t h e  r a d i a . t o r  ( f i g .  i3). The 
a v e r a q e  p r e s s u r e  r e c o v e r g  w i th  this arrangement  mas l o w e r  
t h a n  t h e t  o b t a i n e d  -behind the G e t t e r  fixed i -r le ts ;  kowever ,  
i t  i s  likely t h a t  t h i s  d e s i g n  c0ul.d t e  Sm?roved w i t h  fuar- 
t h e r  stz.dy . 
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Low lift c o e f f i c i e n t  High l i f t  c o e f f i c i e n t  

I n l e t  plane p e r - c o n d i c a l a r  t o  and diffuser a x i s  parallel 
t o  w i z l g  chord: 

( g )  (3 ) 
I r i l e t  p l a n e  i n c l i n e d  downwzrd and diff l ; .sel* a x i s  p a r a l l e l  

t o  wing chord  

S n l s t  p la i le  and  diffuser B X ~ S  i i x l - i n e d  downward 
f r o m  wing c h o r d  
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k 

i t  a p p r o a c % e s  t h e  i n l e t  v i t h  a t o t a l  p r e s s u r e  g r e a t e r  than 
t n a t  o f  t k e  f r e e  s t r e a n  and w i t h  au a n g u l a r  v e l o c i t y .  If 
the effsct of  u n e q a a l  p r e s s u r e  d i s t r i b a t i o n  behind  a n  in-  
eliced p r o p e l l e r  i s  aswimed t o  be s m a l l ,  t h e  g r e a t e s t  p a r t  
02 nny d i f f e r e n c e  i n  t h e  p r e s s u r e  measured i n  s i r n i i ~ r  ducts 
s p m e t r i c a l l y  l o c s t e d  13 t h e  r i g h t  and l e f t  v i n g s  mill oc- 
c’cr 8 s  a res7nl.t or” t h e  d i f f e r e n c e  :E the  a n g l e  a t  which 
t h e  a i r  s t r e a m  a q s c a c b e s  t h e  inlets. With r i g h t- h a n d  
propeI.:er r o ’ c n t i o n ,  t h e  e f f e c t i v e  a n g l e s  o f  a t t a c k  of t h e  
i n b o a r d  s e c t i o n s  o f  t h e  l e f t  v i n g  wil.1 i n c r e a s e ;  whereas  
tfie e f f e c t i v e  a n g l e s  of  a t t a c k  o f  t h e  r i jght  wing mill de- 
c r e a s e .  The s l . i p s ~ r e a n  r o t a i i o n  w f l l  t h e r e f o r e  cfiamge t h e  
a i j - n e z e q t  w i t k  t h a  approaching s i r  s t r ean?  o f  t h e  i n l e t  
l i p s  on both m i n s s .  

The e f f e c t s  o f  t h e  m i a a l i s e m e 2 t  &;e t o  p r o p e l l e r  oper-  
a % i o n  on t h e  t o t a l  p r e f j d u r e  r e c o v s r y  st t h e  r a d i a t o r ,  v i t h  
i ~ l e t  0 i r a s t s l l e d  on she model,  zrs shonn i n  figures 14 
and 15. Jn t1,e La4gb-s:Geed s t t i t a d e  (C, = 0.12, p = 60°, 
and T d  = 0 C 2 ) ,  -c?e t o t a l  Bresalxres  G ~ I  t h e  s i d e  o f  t h e  
upgoing pro_oeLlftr blades :@ere 13 t o  2 4  p e r c e n t  higber than 
those rneas’lred beL lnd  t2le dovagoing b l a d e s .  ( S e e  f i g .  14. ) 
Under c o n d i t k o o l s  s i m u l a t i n g  f u l l- p o w e r  cl,iraS (Cz = 0.47,  

aud .  T, = Q . X X ) ~  t h e  d i f f e r e n c e  between t h e  re- 
cover; i a  t h e  r i g ? ”  a? lef% d u c t s  i scrc ,asee  c o n s L d e r a b l y ,  
B S  shown by co%paiiso o f  f - 1 g ~ r e s  14 and 15. 

= .LO’, 

Six ; l l a r  i n l e t s ,  conf ormixig $ 0  t h e  F r o f i l e  d e s i g s a t e d  
i n l e t  5,  mere t e s t e d  fix b o t h  wingti w i t b  the p r o p e l l e r  oper- 
a t i n g  and a i t h  t n e  p r o p e 3 l e r  removed. Data o b t a i n e d  i n  
t h e  power-o;z tests a r e  p r e s s i l t e d  i n  f i g u r e s  i 6  t o  15. In 
tl:e t e s t s  ~ ,v i th  t h e  p r o p e l l e r  ralr,oved (fig. 9 ( a > ) ,  t h e  
p r e s s u r e  r e c o v e r y  behivld t’zis i n l e t  reached a l x l ax imum of 
0 . 9 7 g ,  at CL E= 0.47; t lze,-efors ,  i t  i ~ a s  t o  be e x p e c t e d  
t ha t ,  at CL = 3 .12 ,  p r e s s w e  l o s s e s  w i t h  power on would 
be  h i g h e r  behiad  t h e  dozngoing  .b izdes  t , eczuse  t h s  e f f e c t i v e  
CL w o u l d  b e  l o n e r  o n  t h i s  aing, Tha increased losses i n  
t h e  r i g h t  d.uct more %.k;an o f f s e t  tha i n c r e a s e  i n  t o t a l  p r e s -  
s u r e  due t o  t h e  p r o p e l l e r  s l 3 p s t r e a . u ;  t h u s ,  w i t h  power on ,  
t h e  t o t a l  p r e s s u r e  shea& of‘ t h e  r a d i a t o r  was e q u a l  t o  o r  
s l ig?ntl jr  leas .than that,  r e c o r d e 2  v i t ? i  t h e  p r o p e l l e r  removed. 
On t n e  s i d e  o f  t h e  u?goind b l a d e s ,  t i l e  Encreese  ir l o c a l  
l i f t  c o e f f i c i e n t  r e d a c e d  t h e  d z c t  l o s s e s  a3t: t h u s  caused a 
s u b s t a n t i a l  j n c r e a s e  i n  aTrailab16 t o t a l  p r e s s u r e .  I n  t h e  
c l i m i i n g  a t t i tuc?e ,  t h e  t o t e l  p r e s s o r e  a t  t L e  r i g > t  ra6-iator 
was 15 t o  2% p s r c e n t  g r e a t c ; ; ~  t h p n  a t  t h e  l e f t  radia tor .  
(See  f i g s .  IS and 13 . )  
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S t a t i c  P r e s s u r e  a t  Duct E x i t  

The desigsl  of a c o q l e t e  d u c t  s ~ s t e m  r e q u i r e s  a knowl- 
edge a o t  o n l y  o f  t h s  p r e s s u r e  l o s s e s  f n  t h e  d u c t  but  a l s o  
of t h e  s t a t . i c  p ~ e s s u r t :  a t  t h e  d u c t  o u t l e t .  Data t a k e n  i n  
t h e s e  t e s t s  s h o w  t h P  i n f l u e n c e  o f  l i f t ;  c o e f f i c i e n t ,  o u t l e t -  
f3.ag d e f l e c t i o n ,  and  i n l e t  d e s i g n  0 %  t h e  s t a t i c  p r a s s u r c  
a t  %fie d u c t  e x i t s  l occ? ted  in t n c  lower s u r f a c e  and a t  t h e  
t r a i l i n g  edge o f  t h o  wfng. 

The s t a t i c  p r e s s - & r e  q t  an o u t l e t  i n  t k e  l o v e r  s u r f a c e  
o f  t h e  w i n g  i s  shoTun i n  f i g u r e  2C a3 a f a n c t i o n  of l i f t  
c o e f f i c i e n t  aad o u t l e t -  f l a p  p o s i t i o n .  I n l e t  4 v a s  i n s t a l l e d  
f o r  t l i e sa  t e s c s .  A t  low l i f t  c o e f f i c l e n t s ,  t h e  s t a t i c  p r e s -  
s u r e  i n  ”Ciis o a t l e t ,  wi th  e x i t  f l a p s  c l o s e d ,  exceeded f r e e -  
s t reaol  s t a t i c  g r e a n d r a  by G . 3 0 q o ,  t h e  d i f f e r e n c e  between the  
s t a t i c  Ciressuse a t  o u t l e t  and f r e e - s t r e a m  s t a t i c  p r e s-  
sure i r i c reased  ? ) i t a  i i f t  c o e f f i c i e n t  and rea,ched 0.38qo a t  
CL = 0 . 8 9 .  
p r e s s u r e  w i t h i n  ,419 o u t l e c  0 .S5qo.  

E e f ’ l b c t i r g  t h e  o u t l . e t  f l a p  45’ reduced  t h e  s t a t i c  

Measa rene~+Ss  o f  s t a t i c  p r e s s u r e  i n  trie t r a i - i n g - e d g e  
o u t l e t  w i t l -  i n l e t  4 i i l s t a l L e d  a y e  , r e s e n t e d  i n  f i g u r e  21.  
The rcdusLZon ir:  s t a t i c  9 r e ~ s u . r ~  o o f a i n e d  b y  d e f l e c t i n g  t h e  
upper  f l a p  a t  t’;e t r a i l i n 6 - e d g s  o u t l e t  (ftg. 3 )  wzs con- 
s i d o r a h f y  l e r g e r  z t  I C  T i  t h e n  a t  h i g h  l i f t  c o e f f i c i s n t s .  
The change in s t f t i c  r e s s ~ r e  o S t a i n e d  5g d e f l e c t i n g  t h e  
landing f i s p  iDS .g .  211 was g r e a t e s t  when ‘she u p p e r  f l s p  
mas ~ e ~ t r a l ;  h 3 a e r e r 3  t h e  l o w e s t  pressure r;.as o b t e i i e d  w i t h  
b o t 3  f l aTs  d e f l s c t s d .  

Changes i n  the d u c t  s:;steiii abezld o f  t h e  r a d i a t o r ,  w i t h  
t i-e o u t l e t  l o c a t e d  5.n t h e  Lower s2r;i”ace o f  t h e  wing,  itre 
shown i n  f i g u r e  22 $ 0  have  e f f e c t e d  a F p r e c i a b l e  v a r i a t i o n s  
i n  t i l e  s % a t i c  ‘gressure  a t  t b e  o u t l e t .  These v a r i a t i o n s  
occur  8 s  a r e s u i t  a f  uneq:ral  l o s s e s  o f  t o t a l  - p r e s s u r e  and  
of  d i f f e r e n c e s  5.n a i r  floi‘r  through $ h e  varS.ous d u c t s .  

The 5.nfluence of t h e  pro?e! . ler  slipsfv3”ea.E or? t h e  s t a t i c  
pressure a t  o u t l e t s  s y n m a t r i c a l l g  l o c a t e d  i n  t h e  lower  sur- 
f a c e  o f  30th wings i s  shonn i n  t a b l e  IV. Because r o t a t i o n  
i n  t h e  s l i p s t r e a m  i n c r e a s e s  t h e  l i f t  c o e f f i c i e n t  o n  t h e  l e f t  
wing and a t c r d a s e s  i t  on t h e  ritytt, t he  s t e t i c  p r e s s J r e  w i t h  
t h e  p r o _ u e l i e r  o p e r a t i n g  was e x p e c t e d  t o  b e  big‘ner a t  t h e  
o u t l e t  i n  t h e  l e f t  wiag suc2 l o a e r  a t  t h e  outletJ i n  t h e  right 
wing.  I n  t h e  nigh-sgeed a t t i t u d e ,  t h e  change  i n  t h e  o u t l e t  
s t a t i c  pri:zisure e f f e c t e d  bgr t h e  s l i p s t r e x f i  was v e r y  s r u a l l  I 

and reached, 8 niexiauc vt11-i.e o f  C.QSq, .  u s d e r  c o n d i t i o n s  
sinvalet i a g  f u l l - p a v e r  cliw’o, w f t h  o P t l e t  f l a p s  f u l l  open ,  

t 
t 
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t h e  s t a t i c  p r e s s u r e  d e c r e a s e d  0,30qo t o  0.44qo i n  t h e  
o u t l e t  o f  t h e  r i g h t  d u c t  and  0.13qo t o  0.17qo i n  t h e  
l e f t  o u t l e t  from t h e  v a l u e  n e a s u r e d  p i t h  t h e  p r o p e l l e r  
r eaov sd . 

A.lthou&,h c o m p s r a t i v e  t e s t s  of t h e  v a r i o u s  o u t l e t s  
were n o t  made w i t h  t;..e l a u d i a g  flaps d e f l e c t e d ,  R q u a l i t a -  
t i v e  analysis of  t h e  e f 2 e c t  of d e f l e c t i n g  t h e  l a n d i n g  f l a p s  
i s  p o s s i b l e .  Inasmuch a s  t.he a i r  flow t h r o u g h  a d u c t  i s  a 
f u n c t i o n  of '  t h c  s t a t i c  p r e s s u r e  a t  t h e  o u t l e t  a n d  t h e  
s t a t i c  p r e s s u r e  o v e r  t h e  l o n e r  s u r f e c e  o f  t h e  v i n g  in-  
c r e a s e s  vrith f i a n  d e f l e c z i o n ,  t h e  f l o w  t h r o u g h  t h e  d u c t  
w i t h  t h e  b o t t o m  oi;%llet 770211d d e c r e a s e  wi th  f l a p  d e f l e c t i o n .  
VPFth t h e  t o p  o r  t r a i l i n g - e d . g e  o u t l e t s ,  d e f l e c t i o n  of  t h e  
l a n d i n g  flaps s k o i l l d .  i n c r e a s e  t h e  "017 thnough t h e  d u c t .  

The res1iLts  of t h e  d r a g  ' t e s t s  g r e  summarized i n  t a b l e  V.  
The i n c r e e s e  iri drag c o o f f i c i c n t  r e s u l t i n g  f rom v a r i o u s  d u c t  
i n s t a l l a t i o n s  i s  c o n s i d e r e d  i n  two p a r t s :  (1) t h e  Sncrement 
a s s o c i a t e d  w i t L  t3.e pacysage of  coolLng air t h r o u g h  t h e  d u c t s r  
i n t e r n a l  d r a g ,  and. ( 2 '  t h e  inc remen t  resnlting f r o m  d i s t u r b -  
a a c e s  of  t h e  e x t e r n a l  f low.  The i n t e r i i a i  d r a g  i s  e q u a l  t o  
t h e  momentun l o s t  'by t h e  c o o i l n g  a i r  i n  p a s s i n g  t h r o u g h  t h e  
d u c t s  a a d  r a d i a t o r ;  a n d ,  by n o g l e c t i n g  c o ~ p r e s s i b i l i t y  and  

may be c ~ l c u l a t e d  h e a t  e f f e c t s ,  t h e  d r a g  c c e f f i c f e n t  
from t h e  e q u a t i o n  

A C D  j* 

D i v i s i o n  o f  t h i s  i nc remen t  i n t o  d i f f u s e r  d r a g  and r a d i a t o r  
d r a g  has been  accoinpl i shed  by s u b s t i t u t i n g  t h e  p r e s s u r e  a t  
t h e  r a d f a t - o r  f o r  h3 i n  t h e  f o r e g o i n g  e q u a t i o n  and sub- 
t r a c t i n g  t h e  r e s u l t i n g  increment  f rom ACE,. The i n l e t  and  
d i f Z u s e r  d r ag  c a l c u l a t e d  f r o u  t h i s  s u b s t i t u t i o n  i s  s l i g h t l y  
i n  e r r o r  because  some o f  t h e  r e t a r d e d  a i r  f r o m  t h e  f u s e l a g e  
boundary l a y e r  has e n t e r e d  t h e  d u c t ,  

T3.e  e x t e r n a l  d r a g  i s  t h e  d i f f e r e n c e  between t h e  t o t a l -  
drag i nc rzmsn t  o f  t h e  d u c t  i n s t a l l a t i o n ,  which i s  d e t e r -  
mined f r r , m  f o r c e  t e s t s ,  and  t h e  i n t e r n a l  drag. These oom- 
p o n e t - d r a g  c c e f f  i c i e n t s  and  o t h e r  p e r t i n e n t  6 a t a  t a k e n  w i th  
t h e  m o d e l  i n  t h e  h i g h - q s e d  a t t i t u 2 - e  (CL = 0 .12)  a r e  
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su-nzn~rized i n  t . a b l e  8.  . 4na lys i s  of t h e  r e s u l t s  shows t h a t ,  
f o r  t h e  same c o o l i n g - a i r  flow, t h e  t o t a l - d r a g  increment  
was s l i g h t l y  lower  f o r  t i l e  s m a l l  s h a r p- l i p  i i i l e t s  1 and 6 ,  
The d i f r " n s e r  d r a g  i s  dependent  on t h e  t o t a l - p r e s s u r e  l o s s e s  
w i t k i n  t h e  d i f f u s e r ;  t h a s e  l o s s e s  have  been  d i s c u s s e d  i n  a 
p r e v i o u s  s e c t i o a .  TLe r a d i a t o r  d r a g  i s  a f u n c t i o n  o f  rad i-  
a t o r  r e s i s t % n c e ,  v e l o c i t y  t h r o u g h  t h e  c o r e ,  a n d  d i s t r i b u t i o n  
of  t h e  flow t h rough  t h e  n n i t ,  

% h e  d u c t  e f f i c i e n c g ,  de f i r i ed  a s  t h e  r a t i o  o f  u s e f u l  
work t o  t o t a l  work i s  g i v e n  i n  t h e  l a s t  column o f  t a b l e  V 
t o  f a c i l i t a t e  co :x-~ar i son  of t h e  v a r i o u s  d u c t s .  I t  is ob- 
s e r v e d  c h a t  i n l e t s  1 and. 6 gave  h i g h e r  e f f i c i e n c y  a t  
CL = O . b 2  a.iid V, /V,  = 9 . 6  t h a n  ar,y a? t h e  o t h e r  d u c t s .  
A t  l i f t  c o e f f i c i e n e s  c o r r e s p o n d i n g  t o  c l i rnbiog f l i L h t ,  
honeve r ,  t h e  p r e s j s ~ r e  l o s s e s  beh ivd  t h e s e  i n l e t s  were 
exce s s i v  e 

kaxfnum L i f t  C o e f f i c i e n t  

The r e s u l t s  o f  s e v e r a l  t e s t s  % G  d e t e r m i n e  t h e  i n f l u e n c e  
o f  t h e  v a r i o l i s  ;vir ;-di~ i; i n s t n l l a t i o n s  on  trre maximum l i f t  
c o e f f i c i e n t  of t h e  K L  e l  a r e  p r e s e n t e d  i n  f i g u r e s  23 t o  2 7 .  
A. sv.rr?mary o f  t ' r e s e  r e s u l t s  i s  p r e s e n t e d  i n  t a b l e  V I .  

Tke maximm ? i f ' t  c o e f f i c i e n t  of tau model i n  t h e  b a s i c  
c o n d i t i o n  - w i t h o u t  wing dilct s ,  w i t h  t h e  p r o p e l l e r  removed, 
and m i t h  t h e  landi r lg  f l a p s  ne7ztral  - v a s  1.35. I n s t a l l a -  
t i o n  o f  r iuc t s  w i t h  i.ri1ct 2 and tvi th  t h e  o u t l a t s  l o c a t e d  on 
t h e  l o w e r  s u r f a c e  o f  b o t h  wings  r educed  CL,,, t o  1.07. 
With t h e  d u c t  o u t l e t  lot-ted on  t h e  upper  s u r f a c e  o f  t h e  

was 1 . 1 6 .  %he s m a l l e r  r e d u c t i o n  i n  C L ~ ~ ~  

o b t a i n e d  by m o v i n g  t h e  o u t l e t  t o  t b e  uppe r  s u r f a c e  of the  
wing i s  l a r g e l y  a r e s u l t  o f  ar, i nc rea - se  i n  v;/VO and  o f  
improved florj .  a t  t k e  d u c t  i a l e t .  

nirzg 9 %Daa 

S e v e r a l  m o d i f i c a t i o n s  of t h e  upper  l i p  of i n l e t  2 were 
t e s t e d  t o  determiree t h e  e f f e c t s  of t h e  p p s i t i o i ?  and t h e  
l e a d i n g- e d g e  r a d i u s  o f  the upper  L i p  o f  t h e  Ln le t  on t h e  
m a x i m u m  l i f t  c o e f f i c i e n t  o f  t h e  model. These t e s t s  were 
made m i t h  t h e  d u c t  o u t l e t  i n  t h e  lower  s u r f a c e  o f  t h e  wing. 
The upqer  l i p  o f  t h e  i n l e t  was ex tended  l~ i n c h e s  t o  fora 
t h e  p r o f i l e  d e s i g n a t e d  i n l e t  3 .  A coinparison o f  t h e  c u r v e s  
of f i g u r e  2 4  shows t h a t  t h i s  change r e s u l t e d  i n  a n  i n c r e a s e  
o f  0.16 i n  Cxim,,. 
l end ing- edge  r a d i u s  o f  t h e  u p p e r  l i p  and i n  t h e  h e i g h t  o f  

3. 

I n l e t  4 d i f f e r e d  f r o m  i n l e t  3 i n  t h e  



-- 
I 

i 

t h e  i n l e t  opening  ( f i g .  3 ) ;  C L ~ ~ ~  was 0.12 h i g h e r  f o r  
t h i s  i n l e t  t h a n  f o r  i n l e t  3 .  I t  s h o u l d  be n o t e d  t h a t  

w i t h  i n l e t  4 i n s t a l l e d  was t h e  same as 

measured wi th  t h e  s a o o t h  wing. 
C s m a x  % l a x  

I n l e t  4 m a s  a l s o  t e s t a d  w i t h  t h e  d u c t  o n t l e t  l o c a t e d  
a t  t h e  t r a i l i n g  edge of  t h e  wing. For t h i s  c o n d i t i o n  o f  
t h e  model ,  th-s v a l u e  o f  C L ~ ~ ~  mas 0.09 lower  t h a n  f o r  
t h e  r e f e r e n c e  c o n d i t i o n  ( f i g .  2 6 ) .  

With t h e  d i f f u s e r  i n c l i n e d  downward llo ( i n l e t  5 ) ,  
CLmax 
S i m i l a r  i n c r e a s e s  i n  C L ~ ~ ~  due t o  ring d u c t s  were r e -  
p o r t e d  i n  a previo-As i n v e s t i g a t i o n  { r e f e r e n c e  3 ) .  The 
u p p e r  l i p  o f  i n l e t  '7 was t h e  selile a s  t h a t  of i n l e t  5 ;  t h e  
l o w e r  l i p ,  however,  w a s  c u t  back t o  i r c r e a s e  t n e  slo-oe o f  
t h e  i n l e t  p l a n e .  V i t h  t h i s  d u c t  i n s tba l l ed  i n  on ly  t h e  
l e f t  wing,  C L ~ ~ ~  was 0 . 0 1  h i g h e r  t h a n  t h a t  o b t a i n e d  w i t h  
t h e  s m o o t h  wing. 

c o e f f i c i e n t  oE t h e  model w i t h  i n l e t  5 i n s t a l l e d  i n  bo th  

i n c r c e s e d  0 . 0 4  w i t h  f l a p s  r e t r a c t e d  and 0.12 w i t h  f l a p s  
d e f l e c t e d  45' above t h e  v s l u e  of CJ,,,, n e a s u r e d  w i t h  t h e  
p r o p e l l e r  renoved.  

exceeded by 0 .07  t h a t  measured- on t h e  b a s i c  model. 

The e f f e c t s  of p r o P e l l e r  o p e r a t i o n  o n  t h e  maximiisr: l i f t  

wings a r e  shown i n  f i g u r e  27. A t  T c  = 0,02, C L ~ ~ ~  %Fa9 

The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  of s e v e r a l  d u c t s  i n-  
s t a l l e d  i n  t h e  wings  of a model of a c o n v e n t i o n a l  s i n g l e -  
e n g i n e  p u r s u i t  a i r p l a n e  mounted i n  t h e  NACA f u l l - s c a l e  
t u n n e l  a r e  summarized a s  f o l l o w s :  

1. The press:ire r e c o v e r y  anead o f  a radiator i n s t a . l l e d  
i n  a mirig d u c t  was d e t e r m i n e d  p r i n c i p a l l y  by ( 1 )  t h e  i n l e t -  
v e l o c i t y  r a t i o ,  ( 2 )  t h e  l i f t  c o e f f i . c i e n t ,  and  ( 3 )  t h e  shripe 
and l o c a t i o n  of t h e  i n l e t  l i p s  and d i f f u s e r .  

2 .  E i g h e s t  p r e s s u r e  r e c o v e r i e s  a t  t h e  f r o n t  f a c e  o f  
t h e  r a d i a t o r  were o b t a i n e d  a t  i n l e t - v e l o c i t y  r a t i o 8  from 
0 . 4  t o  0 . 6 .  

3 .  A d u c t  w i t h  t h e  p l a n e  o f  t h e  i n l e t  opening  perpen-  
d i c u l a r  t o  t h e  wing chord  and w i t h  a d i f f u s e r  p a r a l l e l  t o  
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t h e  chord  l i n e  g a v e  h i g h e s t  F r e s s u r e  r e c o v e r i e s  a t  low 
l i f t  c o e f f i c i e n t s .  A t  h i g h  l i f t  c o e f f i c i e n t s ,  b e s t  pres-  
s u r e  r e c o v e r y  was o b t a i n e d  when t h e  npTer  l i p  was e x t e n d e d  
ahead o f  t h e  lower  l i p  and  t h e  d i f f u s e r  Tias  i n c l i n e d  
downward. 

4. Because of r o t a t i o n  i n  t h e  s l i p s t r e a m  o f  a s i n g l e  
p r o p e l l e r ,  t h e  p r e s s u r e  r e c o v e r y  i n  a d u c t  l o c a t e d  beh ind  
t h e  upgo ing  b l a d e s  was no t  t h e  saine a s  t h a t  i n  a s imi lar  
duc t  s y m m e t r i c a l l y  l o c a t e d  beh ind  t h e  downgoing b l a d e s .  
Best  d e s i g n  p r a c t i c e  wo i l l d  r e q u i r e  d i f f e r e n t  d u c t s  on t h e  
r i g h t  and t h e  l e f t  u i n g s  of t h e  a i r - p l a n e .  

5 .  The t o t a l  p r e s s u r e  over  t h e  i n b o a r d  end of t h e  
r a d i a t o r  was l o w  i f  t h e  end o f  t h e  i n l o t  was cio-se t o  t h e  
f u s e l a g e .  

6. The u s e  of  ou . t l e t  f l a p s  redrnced t h e  s t a t i c  p r e s -  
s u r e  i n  t h e  e x i t  a s  much as  60 p e r c e r t  o f  t h e  f r e e- s t r e a m  
dynamic p re s s r r r e .  

7 .  An i n l e t  w i t h  well- cambered uppe r  l i p  p r o p e r l y  
a l i nec?  w i t h  t h e  flow a t  t h e  l e a d i n g  edge o f  t h e  Pririg e f -  
fec t ed .  a s m a l l  i n c r e a s e  i n  t h e  maximum l i f t  c o e f f i c i e n t  
o f  tLte a i r p l a n e ;  v h e r e a a  s u b s t n t t i a l  d e c r e a s e s  i n  t h e  max- 
iaun l i f t  c o e f f i c i e n t  were c f f s L t e d  by d l i c t s  w i t h  t h e  
i n l e t  p l a n e  p e r p e L d i c u l a r  t o  t h e  c n o r d  l i n e  and by i n l e t  
l i p s  w i t h  small l ead ing- edge  r a d i i .  

8.  The b e s t  compromise f i x e d  i n l e t  t e s t e d  i n  t h e  
p r e s e n t  i n v e s t i g a t i o n  had a n  u p p e r  l i p  w i t h  3 l a r g e  l e a d i n g-  
edge r a d i u s  conforming a p p r o x i m a t e l y  t o  t h e  c o n t o u r  of t h e  
o r i g i n a l  wing,  a lower  l i p  c u t  back t o  t u r n  t h e  i n l e t  p l a n e  
downnard 70' t o  t h e  c h o r d  l i n e ,  and a d i f f u s e r  i nc l i z i ed  
a p p r o x i m a t e l y  10' t o  t h e  w5ng chord .  

9 .  Aa i n l e t  with a n  a d j u s t a b l e  l o w e r  l i p  3-ppeared. 
f e a s i b l e  i n  c a s e s  i n  a t i i ch  f i x e d  i n l e t s  were u n s a t i s f a c t o r y  
because  of a n  ex t reme r ange  o f  i n l e t - v e l o c i t y  r a t i o  and  
l i f t  c o e f f i c i e n t .  

Langley Uemorial  A e r o n a u t i c a l  Zaborntory, 
B a t i o n a l  Advisory  Comai t t ee  f o r  A e r o n a u t i c s ,  

Langley F i e l d ,  Va. 
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5.0 1 5.4 

20.0 ' 8.8 

10.0 I 7.3 
15.0 8 . 3  

25.0 1 9.0 
30.0 i 8 .9  
40.0 J 8 . 5  
50.0 1 7 . 6  

TABLE5 I 

-2.7 
-4.0 
-4.7 
- 5 . 3  
- 5 .6  
- 5.8  
- 5 .7  
- 5 . 3  

TABLE I11 

A I D O I L  ORDIMATES 
[ P e r c e n t  wing chord] 

OUTLET ORDINATEa 
[ P e r c e n t  wing chord) 

I---- 
40 
45 
50 
55 
60 
6 5  
7 0  
80 
90 

100 
-1- 



(d 
A 

a 
h 

~ A 

N I 2  
II II I t  II II I J  U 
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TABLE IV 

SUMXARY OF SLPPSTRSAM EFFECT 6 OiJ 

STATIC PBLSSUBE IN DUCT OTJTTJET 

L e f t  wing 

o p e y a t  i n g  
.I -.--- 

P J q o  
.------ 

0.40 
.86 

- .dG 
-, 33  

0 .37  
.32 

-_I__ 

6 4  -. 6 5  
--I-- 
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(a)  Inlet 2. 

(b) Inlet 4. 

Figure 4.- Typical duct inlets in leading edge of wing. 

J 

Fig. 4 



NACA Fig. 5 

(a) In upper surface of wing. 

(b) In lower surface of wing. 

(e) In trailing edge of wing. 

Figure 5. - Duet outlets. 
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airspeed, 63 miles per ';our. 
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NACA Fig. 20 

Figme 20.- 3ffect of tm+ le t - f l a~~  deflection 011 the 

s-firface of the ‘i;iing as a fuxc t ion  of lift coefficient* 
static 2ressure at an ~ u t l e c ,  in the lower 

._ i l e r  removed; inlet 4; Aplq2$ s.9. 
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$ignre 22.- Fffec t  of i n l e t  design of the static. pressure 

a s  a ftmction o f  l i f t  c o e f f i o i s n t .  Propeller removed, 
a.t an outlot in the  lower sarfsce of  a i7illg 
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